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FIELD OF TH E INVFNTinM 

S ■ K J^' """""" '° ° for .he preparation of 

5 isobutylene-based polymers. 

BACKOROI I ND OF TH p ^J^/|;)MT■.^>^, 

Cart.oca.ions have long been reganled as important intem,ediates in organic reactions 
but are generally too unstable to be isolable. 

Three types of cartK,oa.io„s have so far been isolated, and seve^l of these have been 
s— lly characterized by X-ray diffraction. (I) cart,„cations stabilized by heteroatoms i„ 
a-positions. notably O and N but including F «.d CI; (2) c«bocatio„s wifl, phenyl 
substituents; (3) tertiaryalkyl carbocations. "n-ese sm^n-ra, aspects havebeen summarized 
m/«er<«:,to^Z«,„.^<^rt«.,,„„„,^„„,„„,„^^^ ^^^^^^^^ 

15 J 277. ' 

C.ri»cati„„s cMtying three alkyl substituents have pmved isolable in several cases 
Tlcse include the parent ion CMe/ as Sb.F, ,■ sal. (see: Fim X-ray c^stallographic study of 
a benzyl caHon. cumyl hexafluoroan.imonatt(V), ami sttuctu.^ impUcations. T. Laube Q A 
Olah.and R. B.„. J. An.. CHen. Soc. ,9W. 3087.) Low..«„pe«„„ techniques are 
requtred .o genemte. aysttJHze ^ stn^uraUy ehar^erize these compounds, which hnplies 
that thcT application is limited by their ,he™d instability and i,ol.«on techniques in SbF,- 
based media. 

None of these examples contains Si or Sn substituents. 
Cationic polymerization of olefins is known in the art. 

Conventionally, cationic polymerization is effected using a catalyst system 
onnpnsmg: (i) a l^s add, (ii) a tertiary alkyl initiator molecule 

ether, acid or alcohol group, and. optionally, (iii) an electron donor molecule such as ethyi 
acetate. Such catalysts systems havebeen used for ti,e so-called "living" and Wliving" 
carbocationic polymerization of olefins. 
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CU, ys. syslons based o„ halogens a,d/„, alM-contaWng Uwi» 3^ „ 
bo™„ .eMoHde and .i.a„iu„, .e^acMoride. .e vaH.„s eomBi™.o„s of ^e al" 
eo^ponents and .ypicaHy have .™„ar p^cess cha«c.eris.ics. F„ ««^,e, .„^„.. 
Po.yn,e„.„„„ sy.en,s. i. is co„ve„«.„., ^ Uwis acid co«cen«i„„s u> exeeed fte 

m 30 m,„utes (based upon a degree of polymerization equd .0 890) a. -75» .0 -80»C. 

Examples of fte soK=aII«l "living- polymerization systems a,e u„gh. i„ United Su,« 
.0 paten. 4.92,.583 and Uni.ed S^es pa.en. ..,|0.a.. ^ conten. .ftTo^l'It 

mc„^..edhe.i„byrefere„ee. Specifical,y.««sepaten. teach ^euseofUwisldsI 
oomb.na.,0. wid. organic acids, organic esters or organic eO-ers .0 fo™, carioj 
polymenzauon initiators d.at also create a complex counter amon. Apparemly. d« complex 
count^-uondoesnotassistinorcauseprotonelimination. '^•*'«'">P'ex 

lo the so^lled "non-living, polymerization systems, high molecular weight 
^b.s.,butyle„es are prepared poetically only a. low temperam.« (-«, .0 -.OO-C) Jl 
catalyst concent^tions exceeding one catalyst molecule per initiator molecule, to pLctice 

■"-''°f*-«''»'>««>««««a«.Hcableonlyi„cer.ai„^„^^^J„„^2 
20 concentration profiles. i"rc regions and 

In recent y«^ a new Cass of c«alyst systems utilising compatible non-co^dinating 
«u^m«mb™..nwithc^openu.ieny.ti^i«onmetalcompou«^ 
*.«.« m«allocenes") has been developed. See. f„ example, any «teofi 

published European patent application 0,277.003A; 

25 P*"*"* European patent application 0.277,004; 

United States patent 3,198,401: and 
published International patent application WO92A)0333. 

30 See. 
30 for example, any one of: ^ 

published European patent application 0,426.637A; and 
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published European patent application 0,573,403A. 

"S5.'"8.00''li«=losesac»bo«ti„„icpn>cessfora,epolymeriza.io„ofisobutyle„e 
wtach utilizes , caulys, systcn comprising, for example, a meullccene cata.ys, and a borane. 

WO-Al.00/04061 discloses a cationic polymerization p^cess which is conduced a, 
subatmospheric ptessure in .he p«sence of a caulys. system such as Cp'TiMe, (.he 
"im.ia.oO and BfQF,), (me "activatoO. Such a sys.em ge„e..es a "reactive ca.io„" and 
. "non^n.i«ti,g anion" (NCA). Using such a catdys. system a polymer having desirable 
molecular weigh. p,»pe,«es may be produced in higher yields and a. higher .empen«u,es d.a„ 
by conventional means, ftus lowering capi.al and ope,a.i„g costs of U.e plan, producing the 
polymer. 
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20 
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30 



me wide nmge of NCAs disclosed in WO-A 1-00/04061 includes, boron, phosphors 
and silicon compounds, including borates and bridged di-boron species. 

The polymerization of isobutylene with small amounts of isoprene. to produce butyl 
nibber. presents unique challenges. Specifically, as is well known in the art this 
polymerization reaction is highly exothem^ic and it is necessary to cool the reaction mixture 
toapproximately-PSocinlargescaleproductionfacilities. TOs requirement has remained, 
notwithstanding advances in the art relating to the development of novel reactor designs 
and/or novel catalyst systems. 

^ •^.i'"*ec.se.h..fl«copolj™e«sop,oduc«ih.«m.rkedlytowermol«uUr 
wetghts th», homopolymers prepared under similar condidons. This i. because the presence 
of .soprene in the monomer fi»d results in chain tennination by eliminatioiL 

I. would be desitrtle to be aM. «, obtain high mdecdr weight i«*utyle„e.b.sed 
polyma^ ^ in p.,acul.r isobut,la,e*.sed oopolyme.^ i„ hi,^ yield. ., relatively high 

teo.pen«u,e.(.s«omp.,edto.hem«h«lsof,he«,).ndund,moreenvi,»m„entany.«e««y 
conditions. This has not been demonstrated to date. 
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SUMMARY OF THF TMVENTION 

We have found that a compound of the general structure (I) 

[HC(CRR'R")(CRR'R")] + 1M2X9] -(I) , 
in which 

R is independantly hydrogen or a group of the fonnula M'R'r^r^ 
R' is a group of the formula M'R^R^R*, 

R" is hydrogen, a C, to C„ alkyl. a C. to Cu ar,l or a C, to C« alkylatyl. 

MisZrorHf, 

M* is Si, Ge,SnorPb, 

X is a halogen atom, and 

R' to R« is a C. to alkyl group, a C, to Cu aiyl or a C, to Qo alkylaryl 
shows high catalytic activity in isobutene copolymerisations. 



in itself. 



In one asp«, ftis invention relates .0 the compound of fl« gene^l stme.,« (,) 



In another aspect, this inve„,i«, ,„ . ^ 

lns«n "<"fc«'«PeC«-«Invendo„,e..tes.oac«dydccompositio,comprisi„ga 
compound of the ajn. genoal structure (I). 

In still «K„h.r respect. Uris i„ve„«™, ,el«es to a process for homo- or c». 
po ymcnzing isoole6nes. optionally i„ the presence of iimhe, copolymcrizable numomers 
m the presence of a compound of the genetal structure 0). 

In stil , another respec Uus invenUon rel«e. .0 a method of stabilizing a compound 
of the general Structure (II) " 

[HC(CRR"XCRR>R")] + [M2X,] - (li), 
in which 

R is a group of the formula M'R'r'r', 

R" is hydrogen, a C, to C„ alkyl, a Q to C,, aiyl or a C, to C«, alkylaryl 

MisZrorHf, 

M' is Si, Ge, Sn or Pb 
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X is a halogen atom, and 

R' to is a C, to Ci2 alkyl group, 
vnA . «,mpou«l R- of ,he fonnula M-RW. i„ which M' is Si. Ge. S„ or Pb and 
R toR is a Ci to Ci: alkyl group. 

In still another respect, this invention relates to a „on<oordinati«g «»on of the 
general struaure [M,X,1 " in which M is Zr or Hf ««) X is a halogen 



atom. 



DETAILED DESCRrPTl QN OF THF rNVENTTON 

Suitable C. to C,^ alkyls are known and include methyl, ethyl, linear or branched 
propyl, such as n-propyl. iso-propyl. linear or branched butyl, such as n-butyl. sec. butyl tert 

butyl. Imear or benched pentyl. linear or bnmched hexyl, linear or branched heptyl. li^^^^ 
branched octyl, linear or branched nonyl and so on. It will be apparent to those skilled in the 
art. that said C. to C.^ alkyls may be saturated, single unsaturated or multiple unsaturated 
Methyl and ethyl are preferred, methyl is especially preferred. 

Suitable Q to Cu aryl groups are well known and include cyclopentadienyl. phenyl 
naphthenyl. fluorenyl anthracenyl or phenanthiyl. 

Suitable C. to C.o alkylaryl groups are well known and include combinations of the 

mentioned C. toe. alkyls With thegivenQtoCuaiyl groups such as benzyl, pentamethy, 
cyclopentadienyl. substituted phenyl or fluorenyl groups as well as alkylaty, or arylalkyi 
groups not expressively mentioned in this invention. 

Suitable halogen atoms include fluorine, chlorine, bromine, iodine and mixtures 

thereof. 

It will be apparent to those skilled in the art thatR'toR*may be the same or differ^^^ 
and are chosen independently fix)m each other. 

Preferred are compounds of the general structure Oa). 

rHC(CHRR')2] + [M2X9] - (la) , 
in which R. R'. M and X denote for the groups stated above. 
Espedally preferred are compounds of the general structure (lb). 
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[HC(CHRR')2] + [MjCl,] - (lb) , 

in which R. R'. ai^d M denote for the gn,ups stated above and R' to R« denote for 
methyl. 



Th. mventive compou,rfs of the general si™«u« (!) ™.y be used alone or in 
combination with catalysts/initiator, eommonly used in isoolefin (co)polymensation 
processes. Such compounds «e known and include dialkylalun,inum halides, such as 
diethylaluminum chloride, monoalkylaluminum dihalides. such a, isobntylaluminum 
dichlonde. aluminoxanes. such as methylaluminoxane and mixtures thereof. 

Of course, other catalyst systems. conventi««lly used to ptoduce butyl p„|yme« 
•re useful he«i„ - see. for example. "Cationic Polymerization of Olefins: A Critical 
Invenloty- by Joseph P. Kennedy (John Wiley & Sons. tac. © 1975). U.S. Patent No 

2.356.128 and W/ma»„.£;^/<,^ed/a<,//«/„,^/CW^^. volume A 23. 1993, pages 
288-295. 

It might be .dv«,tageo»s to suppori the compo^rfs of the invention on inert solid 
parttcular substances, such as silica, carton-black, po^efin be«ls or powdets. such as PE 
or PP. metal oxides, such as magnesium chloride, calcium c.rt»n.te. sodium chloride, etc 
Such pieparations are ai»ther subject of the invention. 

I. will be .ppam,t to the skilled in the .„. tha . mixhn. of differort compom,). 
claimed ,n this invention might be used to UUlor the c«aly,ic ptofile of the whole catalyse 



composition. 



n.e compound(s) of the geneml sln.«ure (1) are useftl as catalysts, especially i„ . 
process directed to the homo- or co-polymerization of isooleflns. 

The compound(s) of a« general stn.cm,« (D are paHicuhHy advantageous in the 
preparation of butyl ntbber polymer. TT„ ^ ^ ^ . 

mbber polymef are used thmughou. this speciflc«io„ interchangeably. The tenn "buty, 
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mbbef as used Oiroughou, flris specification is intended to denote polymers prepared by 
reacting a major portion. e.g., fen, 70 to 99.5 by weight, usually 85 to 99.5 pans by 
weight of an isoolefin. such as isobutylene. with a minor portion. e.g.. 30 to 0.5 parts by 
weight, usually 1 5 to 0.5 parts by weight, of a mul.iolefin, e.g.. a conjugated diolefin. such as 
.soprene or butadiene, for each 100 weight parts of these monomers reacted. 

nie isoolefin. in general, is a C, to C. compound . e.g., isobutylene. 2-methyl-l- 
butene. a-methyl-I-bmene. 2.methy1.2.buteneand -t-methyl-l-pentene and mixmres thereof 
n.e multiolefin. in general, is a C, to Cu diene such as isoprene. butadiene 2- 
methylbut«.iene, 2.4^imethylbu,adiene. piperyline, 3-methyl.l.3-pentadiene. 2,4.hexadi«e 
2-neope„.ylbu,adiene. 2-me,hly.l,5-hex.diene. 2.5-dimethly-2.4-hexadiene. 2-melhy|.l 4- 
pentadiene. 2.me.hy.-1.6-hep.adiene. cyclopenta-diene. methylcyclopentadietle 
cyclohexadiene. I-vinyl-cyclohexadiene and mixn»« theteof. n,e prefe™. monome^ 
mixture for use in the production of butyl rubber eompHses isobutylene and isoprene 
Optionally, one or more additional oleflnic lemionomer such as styrene. o-methyistyrene p- 
methylstyrem^ chlorostyrene. pentadiene and the like may be incorporated in the butyl mbber 
polymer. See, for example, any one of: 

United States patent 2,631,984; 

Canadian Application 2,3 1 6,74 1 ; 

United States patent 5,162,445; and 

United States patent 5,886,106. 

Piefeiably, the process for pnnludng the butyl polymer is conducted at a temperature 
conventional in the pnxiuction of butyl polymer. - e.g., in the range of from .120»C to +50^ 
The butyl polymer may be produced by polymerization in solution or by a shmy 
polymerization method. Polymerization is preferably conducted in suspension (the slurry 
method) . see, for example. Ullmami's Encyclopedia of Industrial Chemistiy (Fifth 
Completely Revised Edition, Volume A23; Editora Elvera et al.). 

Inert solvents or diluents known to the person skilled in the art for butyl polymeriza- 
tion may be considerad as the solvents or diluents(reactionmedium).TT,esecompri^ 
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ohlo™Uk»es. cycloalk^es ora^matics. which ^ f^u^y „ p.,ys„bsU«.,ed 

halogen,. Hex«,.,dUo«>.M<»e ™xn.«s. m«hy. chloride. dichloron,cU™,e or fte 
m.xn«, tt,e«of m.y be menHoned i„ panicular. Chloroalkane, .„ p„fe«bly u«d in a« 
process according to the present invention. 

As an example, in one embodiment the process is conducted in the presence of an 
...phauc hyd^cbon diluent, such .s n-hexane. and a catalyst mixture comprising a 
compound of the general fbnnula (I) as stated above. 

Polymerization may be perfonned both continuously and discontinuously. In the 
case of continuous operation. a,e process is preferably perfonned with the following three 
teed streams: 

D solvent/diluent + isoolefin (preferably isobutene) 
n) multiolefin (preferably diene, isoprene) 



ni) catalyst (comprising a compound of the general fonnula 



a)) 



'-^>»«-^eofdiscontinuo«soperation.thep„>cessmay.forexample.beperfo^^ 
as follows: 

The ««=tor, precooled to fl« re«=tion tempemture. is charged with solvem or 
diluent y the mo«,mer.. catalyst (comprising compound of the gmend fonm^. 
optKmally togeflter with a catalyst customaty in the field of butyl p.lymerizati«u i. .hen ' 
pumped in the fonn of a dilute solution in «»h a m«,„er that the hert of polymerizatio. 
may be dissipated without p„,blem. Tl« «,„,.e of the reaction may be monitored by 
means of the evolution of he«. All oper«ion. are perft^.^ under protective gas. Once 
polymenz«ion is «m.ple,e. the reacti™. may be tenninated with a phenolic antioxidant. 

sud. as, for ex«nple, 2 J'-meU,ylenebis(4.meU,yl-6.te„.^,„,y,phenol). dissolved in 
ethanol. 
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If i. is d«i«d ,„ produce a halo«e„«ed bu^-l polymer, .he bmy, pc.yn.er prepared 

ty .ea ,„g «„e,y divided b..y, ™.ber .id, a ha.ogena«„g agen. suoh 1 cLnet 
5 bro™,„e, or by producing bromina.cd bu.y, rubber by .he imensive fixing i„ „ 11 
.ppar.^.. of b..ni„a.i„g agen. ,„eh a. N-b™.osucci„i™ide wid, a p.viou!,yirbuw 
^«>cr,AUe™.ive.y.O.Ha.oge„a.edbu.y,rubber„«ybeproducedb;^^^^ 
. d..pe..o« „ a suiu.b.e organic solved of a previously ™ade bu.y, rubbj .il 

Chem,s.O^ (F,fih. Co™p.e.e.y Revised Edi,io„, Vo,u„,e A23; Edi.ors Elvers « al ) TKe 
J^oum of h.ogena«„„ during .Hi. pr„e«,u„ ™y be con^^^^ 

^ U.e preferred a.ou„.s of halogen descrtbed hereinabove ^e pressure under Ichle 
pci^«,..,o„s«kep,aceisno.in,por.a„,^ 

15 

TTie con,pou™l of U.e g«,e™l sm-Cu.. (,) may be prepared by adn,ix.ure of 
rHaCRR",(CRR.R.,, MX. in .he presence of R-x in a iner. aolven, 
in which 

R is a group of the fonnula M'R'rV 
on * 
R' is a group of the formula M'R'*R^R« 

R"i.hydr„gen..C,toC„.IIcyl..c'.oC,4.,yior.C,toC„alMan,l 
MisZrorH^ 

M*isSt,Ge.SnorPb, 
X is a halogen atom, and 

« "''°''*"'^"°<=«'-Mgroup..C,„C„..yl„.CtoC„dky,.^ 

*e.b„ » '*'"'"'°'*"'^'»''''''"'»'^'="'™'«a*on«om.,,i,i,.pp^6^ 

the above structure. 

30 chlon,alkan«r.espedaIlydichlon,methanea« preferred. 
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THe aabilizason of fte fi™i compoumi wift „ r. ^^,| f„ 
pr^«<«. TO o„, knowledge, .hi, ia *e ve,y iso.,.ed seo„„da^.a,M c,rtx>ca«o„ ever. 
Th^fore. sa.d meOKHl of subilizing . seco„da.y..,M cation wiU, a group of U,e general 

fon™..tMWln„HicHM..ndRSoR.deno.rorU,e.Wglp:«a.;^^^^^ 
another subject of the present invention. 

Ye. anoU«r subjec. of fte pre,«« inve„.i„„, , ™eu,„^, ^^^^ 
. no„.co„,dinaH„g anion of the ge„e™l sm.ch„e [M,X,] ' in whieh M is Zr or Hf and X is 
. halogen .,o™ and a meftod of homo- or copol,™erizi„g an olefin in fte presenc of a 
compound comprising an anion of tt«genenU sm.««e[M,X,] " inwhichM i,Zr orHfand 
X .s a halogen a,om. Alftough fte present invenhon is focussed on fte homo- or 
copolymedzation of isoolefins as staled abov^ i, win be apparen. to U« skilled in fte art that 
oa^er olefins, such as eftyiene. propylene, butene. octene and so on. will also polymerize in 

fte presence of a compound comprising an anion of fte genend smK^ture [M,X,] " in which 
M IS Zr or Hf and X is a halogen alom. 

I. will be apparent to those skilled in the ar. .hat the anion [M,X,] " may be 
exchanged for other anions, notably so called -^n^ordinating" anions of the type 
IR-mC^M ■ . (E(CF.),, - . (E-.Z-E") - . in which each R" is independently hydrogen a 
C, to C„ alkyl. a C ,0 Cm aol or a C, to C„ alkylaryi. each E is independently B or Al E' 
and E" .„ i«,ep«K,ently Uwis «,dic B and Al compounds, preferably E(C^.,, a», Z is a 
bndgmg gmup such as CN. OCN. NH,. OH. OR. SR. NR^ PR^ ^ a« ,4^ 
nioefbre compounds comprising a caUon of the genend structure (01) 
[HC(CRR'R"KCRR'R"))+ (ni). 
in which 

R is independently hydrogen or a group of flie formula M'R'rV. 
R' is a group of the formula M'R'r'r', 

R" is hydrogen, a C, to C„ rtkyl. a C. to C,4 aryl or a C, to C» alkylaryi, 
M" is Si. Ge. Sn or Pb, and 

"'"'R'«»C,toC„alkylgro»p.aC,oC„aryloraC,t.C„.lkyl«yI.is«»ther 
Object of the invoition. 
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Embodimenis of the present invenHon «H|| be described wiU, reference to the 
following e«„nples. which <»e ptovided for illustrative purposes only a™i should not be used 
to hmit the scope of the invention. 
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EXAMPI.FS 

ILT 1 ^'^^ PHOT ««. Wh» necss.^. 

solvents were stored over «tiv«ed molecul* sieves «„d« mtrogen 

P-tettbutylctecho.. «.r..ed wiU, n-BuU (,.6 M so.uUon i„ hex.,es, and distilled under 
vacuum prtor «, use. TOs was then stored at -30^ in a nit«,ge„ filled dry box 

•-'•"^"•'(«)w-purifiedanddri«.byp.ssi„g.h,„ughcolumnsoflOw.%N.on 
and appropriate mol-sieves and condensed direcUy into the re«»ion vessel. 

EXAMPIF 1 

Synthesis of[CH{CH(SiMe3)(SnMe3)}2]*Zr2Cl9- 

A„ the manipulations have been canned out under stHct exclusion of oxygen and moistu. in 
a mtrogen inert atmosphere. A solution of MeaSnCl (0 6 « 3 0 mmon ^ 
M.Sic„«Me.^^^^^ 

Z.CU (1 .4 g. 6.0 n^ol). on sUrring for 4 h at room ,empe,»tu„ solid dissolved and fl« 
Glutton turned ydlow. After filtration the «„oun. of sclv«,. ^ ,„ ,„ 

C^Hz«ion«.30»Cam»taltheUUecomp™n„,i„e.50o/.yield.mp.l09X.SoUds..^ 
magtcangl. spi«y„g "CNMR (relative to tetr.methylsil.ne): 5 -1, 0. 3 CSiMc. SnMe,)- 70 
(CH):2l7(Cir).»SiNMfc61ppm. «'*5nMe,).70 

25 EXAMP| FO 

Synthesis of (CH{CH(SiMe,)(SnMe3)},rHf2a,- 

FoUowing the method of Ex«nple I. a «,|u,i„„ of Me^SnQ (06 g 30 mmon . h 
Hra. (6.0 mmol). On stining for 4 h at mom tempe^bne the solid dissolved and the sohtf™ 
«-30 Crtr.niedtheufle»mpoundinca.50./.,ield.mp. 120HlThe"c«d»SisoBd^ 
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NMR spectroscopic data were essentially identical to Example 1 

Fig. 1 shows the crystal structure of the cation in [CH {CH(SiMe3)(SnMe3)}2]^f2Cl9-. Fig. 

2 shows the crystal structure of the anion in [CHiCHCSiMeaXSnMes^^l^HfjClr. 

EXAMPLF % 

Isobute ne PolvmeriTfltmn 

Into a 250 mL S-necked reaction flask, equipped with a magnetic follower and cooled to 
7800 with a dry ice/acetone bath, was condensed 100 mL of isobutene (dried by passing 
through 10 percent weight sodium on aluminum oxide and 4A molecular sieves). 30 mg (30 
limol) of [HC|CH(SiMe3)(SnMe3)},]^[Zr.Cl,]- was dissolved in 2 mL of dichloromethane 
This .mtiator solution was then transferred to the rapidly stiired (1000/min) isobutene (still 
cooled to -7SOC), via syringe under positive nitrogen pressure. The mixture was stined for 

3 minutes, until a significant increase in viscosity was observed. At this point, the reaction 
was terminated by addition of methanol (10 mL). The reaction mixture was poured into 
methanol (200 mL) to precipitate the polymer. The excess monomer was allowed to 
evaporate, the solvent decanted, then the polymer was dried in an oven at 50-C to constant 
weight. The yield of polyisobutene was 3.6g, M„ = 160.000 and = 233.000. 

EXAMPLR4 

Isobutene/isoorene connlYm^Vo*;»« 

•me methodology of Example 3 was repeated, except that 1.5 mL of isoprene was added to 
the reaction vessel prior to imtiatioa The mixture was aHowed to stir at -78<X: for 1 0 minutes 
before addition of methanol (10 mL) to terminate the reaction. n,e yield of copolymer was'_ 
5.5g(M.= 104.000. Mw=203.000). The isoprene content in Aenibberwas 1.5mol-pe«ent 

EXAMPLF ^ 

Into a 250 mL 3-necked reaction flask, equipped with a magnetic follower and cooled to 
78<»C with a dry ice/acetone bath, was condensed 100 mL of isobutene (dried by passing 
through 10 percent weight sodium on aluminum oxide and 4A molecular sieves). Isoprene 
(1 .5 mL) was added via syringe. 36 mg (30 ^mol) of [HC {CH(SiMe3XSnMe3)}2r[Hf2CI,)- 
was dissolved in 2 mL of dichloromethane. TOs initiator solution was then tnmsfei^d to the 
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mpidly «taed (lOOO/min) isobutene cooW to -78»C). via syringe under positive 
mtogen pressure. TT,e mixture was stirred for 10 minmes. ,hen ,em,i„a,ed by «ld,tion of 
n,eU«„ol (10 mL). TTe reaction ™ixn„e was poured into meUiano. (200 mL) to precipitoto 
fte polymer. TTe excess monomer was allowed to evapo«to. fl.e solven. d««nted. *en .he 
polymer was dried in an oven a, 50'C to constam weight TTh, yield of copolymer was 7 3 g 
M. = 124^00. M. = 258.800 ^ U,e isop«ne coment in *e rubber w„ ,.2 mol-percen.. " 

EXAMPLFfi 

tbe meftodology of Example 5 was repeated, except .ha. 3 mL of i«,p™„ were added to *e 
reaction mixhne. TTe yield after 1 0 minutes teaction 2.5 g. M, = 144,000. M. - 3 1 2 000 
and Uie isoprene content in the rubbCT was 2.6 mol-peicent 

EXAMPI F 7 

Tbe methodology of Example 5 was .epeat«»l. except that 5 mL of isop,e„e wete «)ded to the 
ruction mixti.,e.Tb.yield after 15 minutes teaction was 4.4 8.M,. 125.000, M.- 205 000 
and the isoprene content in die rubber was 4.0 mol-pereent. 

EXAMPI ,F j 

Into a 250 mL 3.necked reaction flask; equipped with a magnetic follower ^ cooled to 
-50-C. was co^iensed 100 mL of isobutene (dri«l by passing through 10 pe^m. weight 
sodium on aluminum oxide «kI 4A molecular sieves). Isoprene (1.5 mL) was added via 

S3™ge.l«mg(,5pmol)oftHC(CH(SiMe,XSnMe,)),riHfrfa,rwa,dis«,lvedinl5«L 
of dichloromeft^ie. His imtiator solution, was theo transfared to fte rapidly 

(lOOO/min) i«,b«ene (still c»ol«l to -50-C). via syringe under positive nitrogo, pressure 
Polymerization ens„«l rapidly and U« action was tomtimited after 30 seconds by addition 
of methanol (10 mL). H» re«:tion mixti« was pou«d into m«hanol (200 mL) to pnxipitato 
the polymer. Hh, excess monomer was allowed to evapomte. tiie solvent decan.ed, tiien *e 
polymer was dri«l in an oven « 50-C to cnstim. weigh.. TTie yield of copolymer was 4 5 g 
M.- 108.000.M.= I79.oaOandO,eisoprenecon«minften,bberwas 1.4 mol-percent ' 
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EXAMPI.F/0 

Into a 250 mL 3-necked reaction flask, equipped with a magnetic follower and cooled to 
-350C, was condensed 100 mL of isobutene (dried by passing through 10 percent weight 
sodmm on aluminum oxide and 4A molecular sieves). Isoprene (1.5 mL) was added via 
synnge. '2 mg (10 j.mol) of [HC{CH(SiMe3)(SnMe3)},r[Hf,CUr was dissolved in 1 5mL 
of d.chloromethane. This initiator solution was then transferred to the rapidly stirred 
(1000/min) isobutene (still cooled to -35-C). via syringe under positive nitrogen pressure 
Polymerization ensued rapidly and the reaction was temiinated after 2 minutes by addition of 
methanol (10 mL). The reaction mixture was poured into methanol (200 mL) to precipitate 
the polymer. The excess monomer was allowed to evaporate, the solvent decanted then the 
polymer was dried in an oven at SO^C to constant weight. TTie yield of copolymer was 4 6 g 
M„ = 73.000. M. = 125.000 and the isoprene content in the rubber was 1 . 1 mol-percent 

EXAMPLE in 

An initiator stock solution was prepared by addition of 70 mg (0.2 mmol) of 
(SiMe3)CH=CH(SiMe3)(SnMe3) in dichloromethane (10 mL) and 38 mg (0.2 mmol) of 
Me3SnCI in dichloromethane (10 mL) to 93 mg (0.4 mmol) of freshly sublimed ZrCU This 
mixture was stin^ for five hours at room temperature, resulting in a j^llow-colored solution 
Into a 250 mL 3-necked reaction flask, equipped with a magnetic follower and cooled to 
20 -780C, was condensed 100 mL of isobutene (dried by passing through 10 percent weight 
sodium on aluminum oxide and 4A molecular sieves). Isoprene (1.5 mL) was added via 
synnge. A 4 mL aliquot (40 Mmol) of the initiator solution was transfer^d to the rapidly 
stinmJ (1000^) isobut^ie (still cooled to -78«>C). via syringe undter jpositive nitrogen 
pressure. 

25 Polymerization ensued steadily and the reaction was terminated after 5 minutes by addition 

ofmethanol(HOmL).TTrereactionmixtur« was poured into methanol (200 mL)topr^p^^^ 
the polymer. The excess monomer was allowed to evaporate, the solvent decanted, fhm the 
polymer was dried in an oven at 50»C to constant weight 

•me yield of copolymer was 4.5 g. M„ = 197.000. = 281.000 and the isoprene content in 
30 the rubber was 1 . 1 mol-percent. 
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EXAMPIP 11 

Viy^ ^ a.™.«.^.«^e (5 ™u 4.55 g) we. changed i„.„ a 50 ™L 

««ao„ v«sel equipped wifl, . magnetic follower, Aen «k,M u> -78=C 30 m. ,30 un.oh 

*^^™p..y.«.ea.,„Uo„.a.,.„,e.A«er.O„ta^^ 

Zr .Tl <^ ■^>- ^ Pou^i into 

-*n.e««^o-n.epo.^e,w.,aHed..„ove„a.50.C.oco„«a„.w,^^ 
poly(o-n,ethyl.styrene) wib 4.1 g. M. - 23,700 ami M, > 68,200. 

EXAMPI I. ly 

Dichloiomethane (g nU.) and o-melhy|.sty«„e (5 mL 4 55 „fc j • 

' ' 8) were charged into a 50 mL 

re.ct.on vesrel equipped wifl, . niagneHc follower. U,en cooled ,o -40-C 30 n,g (30 umoU 
oTOSiMe^XSuM.^^^^^^^^ 

*c„p.d,,«-redsolu«onvia.^„ge.A«er30.i„„.esaW,c„u,ge.h«.f.™^ 

rr".!"™'""'^ '^'"^ '"^>- P"— poured inJ 

m«0 ™l, .0 piecipiu-e «.e poller. «,r 30 n^inu.., d,e« fiLerL. washing 

w.*n,ed«nol. T^e polymer was dried in .„ oven a. 50.C .0 constan. weight ^ 
poly(a.meU.yl-stj™,e) was 4.22 g, M. = 13,900 and M. -39.900. 

.jcne(5na,3.4g) was Charged inU-aSOmLreacdonvesse, equipped 

.^nw«.ermina.edafter4nUn„..shy«.di«o.orm^^^^ 
b««„. ..o vseou, .0 allow «i„in^ p^„ 

pre«p.U. *e polymer, *,ed for 30 mi„„.es U,e„ J^^^ 

pory«»r «« dried in an ov«, a. 50X » cnstan. weight TT« yield of pol,i«.pre» «. ,.o 
6* 
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EXAMPLE 14 

Isoprene (5 mL. 3.4 g) and dichloromethane (3 mL) was charged into a 50 mL reaction vessel 
equipped with a magnetic follower, then cooled to -40»C. 30 mg (30 nmol) of 
[HC{CH(SiMe3)(SnMe3)},r[Zr,Cl,]- in 3 mL of dichloromethane was then transferred to the 

rapidly stirred monomer via s>Tinge.TTie reaction was temiinated after lOminutes by addition 
of methanol (5 mL). when the medium became too viscous to allow stirring. The product was 
poured into methanol (200 mL) to precipitate the polymer, stirred for 30 minutes then filtered 
washing with methanol. The polymer was dried in an oven at SO^C to constant weight. The 
yield of polyisoprene was 1 .0 g. 

EXAMPLES 15 to ?4 show results for polymerizations of isobutene alone and isobutene 
isoprene mixtures using different [HC{CH(SiMe3)(SnMe3)}2]^[M2Cl,]- initiators with 
M=Zr,Hf 

EXAMPLES 25 to 15 show results for polymerizations of isobutene isoprene mixtures using 
in-situ generated Me3SiCH=CHCH(SiMe3)(MMe3) / Me3SnCl / ZxCU initiators (M = Si. Sn) 
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